M
EN1NGIOMAS are frequent incidental postmortem findings. 2,4 After the advent of computerized tomography (CT), however, incidental meningiomas have also been identified in asymptomatic individuals. The only data available on the growth rate of meningiomas is from cases with recurrence after operative removal, 1,3 while the dynamics of incidental asymptomatic meningiomas are not known. In a retrospective study, we therefore reviewed the medical charts of 17 patients with incidental meningiomas seen at our outpatient clinic between 1979 and 1989, who were not operated on. In addition to an analysis of these follow-up investigations, two illustrative cases are presented.
Clinical Material and Methods
In 17 of 56 patients who were not operated on in spite of a well-defined spherical mass lesion on contrastenhanced CT, follow-up CT or magnetic resonance (MR) imaging was possible after variable intervals between 1980 and 1989. The histological diagnosis was verified in only one of these 17 patients (Case 2), in whom a biopsy was obtained. Diagnosis was therefore based on the radiological findings only. The patients ranged in age from 46 to 83 years; 47% were older than 66 years. There were three men and 14 women.
The reason for performing the initial CT scan was varied (Table 1) and was not related to the tumor itself. An operation was not performed either because the tumor was considered asymptomatic and of no clinical relevance, or because the operative risk was considered too high due to concomitant risk factors, such as old age.
The enhancing tumor areas were measured by planimetry.* After scale-adjusted measurement of "real" tumor areas in square millimeters was performed on each scan, volumes were determined by multiplication with the distance between adjacent scans. This distance ranged from 2 to 8 mm with an average distance of 4 mm. The mean of three volumetric assessments was considered the "real" volume of the tumor (Table 1) . In all 17 patients the initial and later volumes of the tumor were evaluated from CT scans with the exception of three patients, whose follow-up investigation was by MR imaging. Follow-up periods ranged from 2 to 89 months (median 21 months).
Results
The annual growth rate of the meningioma ranged from 0.5% to 21.0% (Table 1) , with a median rate of 3.6%. Tumor growth rate was not related to age (Fig. 1 left). The two highest growth rates of 21% and 18%
were calculated from patients with either a very short follow-up period ~(3 months, Case 7) or an extremely small tumor (0.09 cu cm, Case 15). Otherwise, there was no obvious relationship between growth rate and the follow-up period ( Fig. 1 center) or the initial volume of the tumor (Fig. 1 right) .
Illustrative Cases

Case 4
This 72-year-old woman suffered from occasional dizziness beginning in 1980. A CT scan was performed * Morphomat 10-in. planimeter manufactured by Carl Zeiss, Inc., Oberkochen, West Germany. (Fig. 2 left) . As the patient exhibited no current neurological deficits, removal was postponed. Annual repeat CT scans did not indicate any significant growth of the tumor. An MR image was obtained in 1988 (Fig. 2 right) , at which time she still had no neurological deficits. Tumor volumetric evaluation revealed a total increase of 2.2% in 66 months, with an annual growth rate of approximately 0.5 %.
Case 14
This 56-year-old woman complained of restlessness and phobia in 1982. Except for papilledema and slight ataxia, the neurological findings were normal. A CT scan revealed a large tumor involving the right ventricle; all ventricles were slightly enlarged. A ventriculocisternal (Torkildsen) shunt was placed to drain both posterior horns, and a biopsy of the tumor was taken (Fig. 3   left) 
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4-3- tumor appeared unchanged on CT scanning (Fig. 3 right) and the patient was still free of neurological deficits. The annual growth rate was calculated as approximately 1.8%.
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Discussion
Although few data are available on the growth rate of nonoperated meningiomas, it has been suggested from single observations 5 that the rate may indeed be very low in some instances. The weak point of any nonsurgical series, however, is uncertainty as to the histology. In this series, histology was verified by biopsy in one case only, but the tumors were all regarded as meningiomas, as the radiological findings were believed to be specific. In support of this, the preponderance of females and the age range in this group were characteristic of meningiomas.
The two highest annual growth rates were 18%, calculated from CT investigations 3 months apart in an elderly woman who was lost to further follow-up review, and 21% in a tumor initially measuring only 0.09 cu cm.
The variability of the three planimetric assessments of each scan was less than 10%, no matter what was the size of the tumor. Although there are no data on measurement error, it is obvious that volumetric evaluation becomes less reliable the smaller the tumor and the larger the distance between each CT slice; ultimately the tumor may even be missed when its diameter is smaller than the distance between slices. A spherical tumor with a volume of 1 cu cm may appear on up to seven scans if the distance between slices is 2 mm, on up to four scans if the distance is 4 mm, and on one to two scans if the distance is 8 mm. In this series there were five tumors of less than 1 cu cm.
No predictive factors were identified that were associated with growth rate in each case; age or initial size of the tumor appeared to have no influence. In no case did the second volumetric evaluation demonstrate a shrinking tumor. In three cases the last investigation was MR imaging. There is some uncertainty in comparing volumes calculated from CT scans to those from MR images. The growth rates of 0.5%, 4.8%, and 7.2% found in these three cases were unremarkable as compared to results from CT follow-up only.
The median growth rate of 3.6% in this series confirms the notion that some meningiomas grow hardly at all. Thus, the decision not to remove a meningioma may be justified in selected asymptomatic cases depending on concomitant risk factors such as old age, cardiovascular disorders, and location of the tumor. As the growth rate is unpredictable in each individual case, repeat CT is mandatory to monitor any incidental asymptomatic meningioma. An interval of 6 months after the initial CT appears to be adequate to assess growth rate and to decide on the urgency of surgical removal.
